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CHAPTER 12
Potential Restoration Approaches for Heavily 




Small tropical island countries are becoming more vulnerable to forest loss 
due to industrial logging. These countries are mostly of lower socio- 
economic status and often heavily dependent on logging for economic rev-
enue (Sloan and Sayer 2015). This scenario is highly apparent in the 
Solomon Islands, where log export alone contributes between 50 and 70% 
to the country’s annual export revenue (Katovai et al. 2015). Annual log 
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exports in the Solomon Islands had been consistent in the 1980s and 1990s 
but increased steeply within the last decade (Fig. 12.1) (CBSI 1997–2017). 
Recent research has predicted that log export volumes will soon peak and 
then sharply decline within the next decade mainly due to unsustainable 
harvesting associated with bad logging practices (Shearman et  al. 2012; 
Katovai et al. 2015). In spite of many concerns about past and current log-
ging practices, and proposals to address excessive damage through remedial 
and preventive actions in the Solomon Islands, relatively little has been 
achieved in this frontier (Laurance et al. 2011, 2012; Katovai et al. 2016).
Industrial logging in Solomon Islands is mostly selective and operated 
by companies from Asia. Trees are usually harvested based on size and spe-
cies preference (Katovai et al. 2015). However, unregulated harvesting and 
the lack of monitoring by authorities often result in highly degraded forest 
landscapes across the country (Fig. 12.2a). Furthermore, unregulated log-
ging practices lead to the deforestation of large forest tracts within logging 
concessions for temporary logging, machinery and fuel storage, logging 
Fig. 12.1 Log export volume for the Solomon Islands between 1997 and 2017. 
The economy of the Solomon Islands has been heavily reliant on log export, 
resulting in a steep increase in logging activities in the country, with harvest qua-
drupling beyond the sustainable yield
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Fig. 12.2 A highly logged forest landscape (a) and a large forest tract deforested 
for temporary log storage (b) in Solomon Islands
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camps and dense networks of roads and skidding trails (Fig. 12.2b) (Jackson 
et al. 2002). In heavily or repeatedly logged stands, damage incurred from 
tree harvest and the associated land uses can be so intense that natural 
regeneration is insufficient to allow floristic and functional recovery to pre-
cut levels. Permanent shifts in climax vegetation in these logged stands may 
consequently trigger changes in the faunal diversity structure (Katovai 
et al. 2016). Here we outline restoration approaches that have been suc-
cessfully implemented in human-degraded tropical landscapes that can 
potentially assist the recovery of highly logged forests in Solomon Islands.
12.2  PassIve restoratIon aPProaches
Restoration of forest gaps is vital for the sustainability and livelihood of the 
forest. However, the question remains: how comparable will the restored 
forest be to the pre-disturbed stand in terms of ecological and biological 
values? There is no universal answer to this question as forest and gap 
dynamics vary spatially and temporally. To understand how gap dynamics 
influence the process of regeneration, let us consider the synergies of four 
primary sources that determine the quality of natural regeneration in gaps. 
Each of these factors varies in their role in gap regeneration.
12.2.1  Regeneration of Pre-existing Forest Vegetation
Regeneration of pre-existing forest species that have survived following a 
disturbance may utilize the abundance of light, which was often a limiting 
factor for growth and recruitment of understorey and sub-canopy plants at 
the pre-disturbed stage. These species may include juveniles of climax spe-
cies that dominate the canopy prior to disturbance, which are in dormancy 
in the undergrowth awaiting an appropriate environment to flourish 
(Denslow et  al. 2001). Gap re-growth represents an amalgamation of 
shade-intolerant pioneers and shade-tolerant plants. Yet due to the com-
plexities of vegetation responses and the lack of detailed information, 
regeneration of pre-existing forest vegetation (termed “advanced regenera-
tion”) remains excluded from gap dynamic models (Dietze and Clark 2008).
12.2.2  Germination from the Soil Seed Bank
Germination from the soil seed bank is important for gap regeneration 
and diversification. Prior studies have shown that this natural process 
occurs in forests in response to the availability of light, with seed 
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germination triggered by certain light wavelengths that result from direct 
sunlight (Brokaw and Busing 2000; Rüger et al. 2011). However, not all 
forest stands possess seed banks capable of dormancy for extended periods 
of time. For instance, a study of 18 late succession species on Barro 
Colorado Island showed no dormancy capability among them (Augspurger 
1984). The absence of pioneers in the soil seed bank across the Bornean 
heath forest also illustrates the lack of dormancy of certain succession spe-
cialists (Whitmore and Hadley 1991). It is also important to note that by 
definition forest gap dynamics are not applicable to all forest stands as the 
concept revolves around sapling growth from seed banks. Much is still 
unknown about the temporal and spatial scales of seed banks in tropical 
forests.
12.2.3  Sprouting from Damaged Roots and Stems
Sprouting from damaged roots and stems also plays an important role in 
gap regeneration (Dietze and Clark 2008). This is particularly common in 
forests within the cyclone and hurricane zones, that is 7–20° latitude, 
where wind damage is highly intense and frequent (Laurance and Curran 
2008). In cases where the seed bank regeneration does not occur, sprout-
ing regrowth may dominate the gap restoration phase. Therefore, it is 
possible that species composition at the early gap phase regeneration will 
resemble the pre-existing flora but have a lower floral diversity as not all 
pre-disturbance species would survive through the disturbance regime 
(Dietze and Clark 2008).
12.2.4  Seed Rain
The fourth source of regeneration is termed “seed rain”, which is a practi-
cal description of how seeds disperse into a gap via vectors such as animals, 
particularly frugivorous birds and bats (Ceccon and Hernández 2009) but 
also including some scansorial animals such as mammals and ants. The role 
of birds in re-seeding degraded forests in the tropics has been well docu-
mented (Pejchar et al. 2008; Graham and Page 2012; Reid et al. 2012). A 
widely anticipated challenge in tropical forest regeneration, particularly in 
heavily degraded landscapes, is the lack of seed diversity to permit the later 
stages of regeneration and succession (Chazdon 2008; Budiharta et  al. 
2014). Numerous studies have since focused on ways to actively restore 
degraded forests through appropriate re-seeding approaches (e.g. Chazdon 
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2008; Cole et al. 2010; Graham and Page 2012). Through these efforts, 
a range of approaches have been developed and trialled, some of which 
have shown considerable success (Fig. 12.3).
12.2.5  Protection of Logged Forest Landscapes to Enhance 
Natural Regeneration
It is evident that forest restoration through natural regeneration can be 
improved by protecting previously logged forests (Margules et al. 2002; 
Chazdon 2008, 2017). The inclusion of adjacent undisturbed forest in 
these protected zones is important for provisioning an influx of seeds and 
faunal seed dispersers (Chazdon 2008, 2017). This strategy is feasible in 
areas where forests are not entirely cleared, hence leaving fragmented 
patches of forests capable of producing seeds that would then be vectored 
into forest gaps by animals or natural dispersal processes (Lamb et  al. 
2005). Nevertheless, forest recovery through this approach may fail in 
heavily logged landscapes if the system has crossed an ecological threshold 
Fig. 12.3 Ecological restoration approaches widely used in tropical landscapes. 
An integrated approach whereby several techniques implemented concurrently can 
potentially aid success in heavily logged forests
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that inhibits the perseverance and proliferation of forest species (Hobbs 
et al. 2006), or if logged forests are severely hunted or burned leading to 
defaunation or further forest degradation. Exceeding this ecological 
threshold limits natural regeneration to an altered state, generally associ-
ated with light-demanding vegetation (Lamb et al. 2005). For example, 
the loss of topsoil and/or increased soil compaction associated with heavy 
logging equipment hinder the establishment and growth of late succes-
sional vegetation, resulting in the high influx of non-tree and other inva-
sive non-forest species (Vieira and Scariot 2006). Such floristic change 
increases the risk of wildfires, consequently reducing woody plant recruit-
ment and favouring the proliferation of grasses and other fire-tolerant veg-
etation (Lamb et al. 2005; Lamb 2011). Many examples of fire-induced 
vegetation communities are evident throughout the tropics (e.g. Connell 
1978; Zanne and Chapman 2001; Maeto et al. 2009).
12.3  actIve restoratIon aPProaches
12.3.1  Tree Planting
In cases where unaided recovery is not possible for logged forest land-
scapes, several restoration strategies have been proposed. Most studies on 
tropical forest restoration have highlighted three broad approaches by 
which floral diversity can be actively restored. These are centred on the 
concept of restoration through planting. Though an expensive and in 
most cases an extensive exercise, restoration planting has been proven suc-
cessful in many empirical studies (e.g. Parrotta and Knowles 1999; 
Chazdon 2008; Cole et al. 2010; Lamb 2011).
The first approach includes restoration plantings using several pioneer 
ephemeral nurse trees. The early establishment and rapid growth of nurse 
trees usually shade off light-demanding non-tree vegetation, including 
grasses and other undesirable alien species (Lamb et al. 2005). This effect 
creates a favourable environment for the regeneration of secondary forest 
species, some of which lay dormant in the topsoil awaiting the right condi-
tions for germination (Lamb et al. 2005).
The second approach involves planting a range of species from later 
successional stages that improves the chances for a species-rich climax 
stand (Cole et al. 2011). This approach is particularly useful in the event 
where the soil seed bank has few live seeds of late successional species. The 
resultant species and structural assemblage of the restored community 
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heavily depends on the variety and viability of the introduced seeds and 
therefore can be predetermined to a certain extent (Cole et  al. 2011). 
Where seed collection is done within the proximity of logged forests, local 
knowledge is vital when selecting native species for re-seeding as this 
ensures that the restored forest has a high value for forest-dependent com-
munities (Lu et al. 2017).
The third approach involves planting commercial tree species on defor-
ested landscapes. Tree plantations can offer restoration values for native 
understorey vegetation (Parrotta 1995; Guariguata et al. 1995; Parrotta 
and Knowles 1999; Lindell et al. 2013). For instance, the successful ger-
mination and establishment of late successional species are potentially 
enhanced by planting commercial trees, as they shade out light- demanding 
pioneer competitors such as lianas and woody shrubs (Guariguata and 
Ostertag 2001). The soil may also aid restoration via high nutrient levels 
retained from the decomposition of pre-existing vegetation. The range of 
seed dispersers attracted to tree plantations may also aid in the rejuvena-
tion of the topsoil, enhancing successful restoration of understorey native 
vegetation (Parrotta 1995; Parrotta and Knowles 1999; Katovai 
et al. 2012).
Despite the restoration values that tree plantations offer, the develop-
ment of many tree plantations in the tropics is influenced solely by eco-
nomic considerations. Many commercial plantations have been converted 
from large forest areas that had previously been cleared for agriculture and 
cattle ranching (Chazdon 2008). Successful efforts in restoring heavily 
degrading landscapes by tree plantations depend entirely on future man-
agement strategies. Current strategies such as cyclic clear-felling and 
replanting strategies prevailing in many tropical regions need to be reas-
sessed. The effects of this process on the regeneration of native vegetation 
are still unknown. However, it may be suggested that further degradation 
of soil seed banks may result from repeated mechanical disturbances dur-
ing the process of harvesting and extraction of logs, and soil clearing dur-
ing preparation for replanting.
Nucleation may be an alternative approach to restore heavily degraded 
landscapes. This strategy involves planting small clusters of selected tree 
species (sometimes termed “framework tree species”; Goosem and Tucker 
2013) within the degraded site and allowing them to disperse as well as 
attract seed dispersers, subsequently increasing seed rain into the disturbed 
landscape (Corbin and Holl 2012; Lindell et al. 2013; Goosem and Tucker 
2013). This approach was successful with bird dispersers but not for larger 
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mammalian seed dispersers (Corbin and Holl 2012). Although implemen-
tation of this approach is relatively inexpensive, restoration efforts may be 
impractical or too expensive at large spatial scales (Corbin and Holl 2012). 
However, there are still gaps in our understanding of the optimal design 
and long-term viability of such approaches (Corbin and Holl 2012; Lindell 
et al. 2013).
12.3.2  Direct Seeding
Direct seeding is an approach that involves dispersing seeds directly within 
disturbed landscapes. Such an approach requires a greater number of seed 
species of more mature successional stages (Chapman and Chapman 1999; 
Lamb et al. 2005; Lamb 2012). Planting usually requires high densities 
(e.g. 92,500 seeds per hectare; Parrotta 1995). The climax forest stand 
depicted in this approach is practically a function of the competitive inter-
actions among the seedlings as they grow and mature. Ideally, this 
approach resembles a degraded forestland with an initial seed bank that, 
given the appropriate conditions, will undergo successful regeneration. 
The number of species that can be successfully established by direct seed-
ling is limited by seed supply, although establishment costs may be lower 
than other approaches. Reforestation of open fields under appropriate 
conditions is possible (e.g. with the control of grasses or other competing 
species); however, it may be most useful in enhancing diversity where 
some tree cover is already present (Lamb et al. 2005). This approach is not 
as versatile as those previously discussed as ecophysiological conditions 
needed for initial germination are often narrowly specific because most 
seeds of climax species germinate and dominate only in the late succes-
sional stages.
12.3.3  Artificial Perches
The most important seed dispersers in tropical forests are birds, which are 
responsible for dispersing >50% of trees across forested landscapes 
(Graham and Page 2012). Hence, an approach that is widely used to max-
imize seed dispersal in degraded sites is the erection of artificial perches. 
Birds are known to use tall trees on gap edges for perching; by increasing 
artificial perches in gaps, bird colonization, and seed populations and 
diversity are increased, particularly under the perches (Pejchar et al. 2008). 
Although seed recruitment has been enhanced through artificial perches, 
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the composition of seed rain largely depends on the foraging sites of visit-
ing dispersers, which may include degraded forest sites, as evident in a 
recent study in Indonesian peat swamp forests (Graham and Page 2012). 
Studies have also shown that seed recruitment into degraded forests is 
coupled with the structural complexity within a given degraded environ-
ment, whereby simple environs such as abandoned grazed pastures usually 
have lower zoochorous recruitment (i.e. seeds dispersed by animals) than 
more complex environs (Pejchar et  al. 2008; Graham and Page 2012; 
Reid et al. 2012).
12.3.4  Removal of Ungulates
Removal of ungulates from restoration sites is complimentary to both 
natural and assisted regeneration. Studies have shown that non-native 
ungulates can supress regeneration in the forest understorey through 
rooting, trampling and browsing of plant materials above and within the 
topsoil (Ickes et al. 2001; Didham 2011; Cole et al. 2012). Areas with a 
high population density of native ungulates may also produce the same 
effect (Cole et al. 2012). In contrast, the absence of ungulates may result 
in the high proliferation of invasive non-native plants, subsequently chang-
ing the vegetation structure of restored forests (Cole et al. 2012). Before 
embracing this approach, it is necessary to take into account the ecological 
importance of ungulates within the ecosystem.
12.4  conclusIons
We have outlined various restoration approaches that have been success-
fully trialled in highly degraded and deforested tropical landscapes. 
Although some stand-alone approaches have been successful, we strongly 
suggest that an amalgamation of carefully selected approaches is applied to 
any restoration effort. Such an integrative approach may achieve better 
outcomes and perhaps be more economically viable than stand-alone 
efforts. With increasing land use intensification through poor logging 
practices in the Solomon Islands, the need for landscape-scale restoration 
will certainly grow. It is therefore critical that forest restoration models 
and policies pertaining to their implementations should be developed. 
Meanwhile, the need for future research is critical to examine the cost, 
effectiveness and limitations of these approaches in highly logged forests. 
Information from this research can aid the development of forest 
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restoration models and policies specifically designed for the Solomon 
Islands, as well as provide critical information for other small tropical 
islands vulnerable to industrial logging.
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